The new particle D * s1 (2700) + has stimulated many attentions. There are different assignments of its inherent properties. It may be a 2 3 S 1 , 1 3 D 1 or the mixture of 2 3 S 1 − 1 3 D 1 cs 1 − state. By considering its mass, decay modes, full width, production rate, and comparing with current experimental data, we point out that there is another more reasonable assignment: D * s1 (2700) + could be identified as two resonances, one of which is a 2 3 S 1 state, another is a 1D state, and both are cs 1 − states. The two states have very close masses, which are around 2700 MeV, and both have broad decay widths. So in experiments, the overlapping of DK or D * K invariant mass distribution coming from their decays is found, but the current experiments could not distinguish these two resonances and reported one particle.
+ and measured its mass and width to be M = 2709.2 ± 1.9 ± 4.5 MeV, Γ = 115.8 ± 7.3 ± 12.1 MeV [5] .
Based on different models, interested theorists gave different assignments of D * s1 (2700) + .
In the works of Refs. [6, 7] , authors consider the possibility of it to be a multiquark configuration, but their conclusions are negative. Most authors believe that it is a conventional cs state. For example, in Refs. [7] [8] [9] [10] [11] [12] , the first radial excited 2 3 S 1 (2S) state is favored, while in Ref. [13] , the orbitally excited 1 3 D 1 (1D) state is expected, and others [14] [15] [16] believe it is most likely a mixture of 2
Although its' existence has been confirmed by three different experiments through different production mechanism, and the data of its' mass and full width agree with each other's within their error bars, D * s1 (2700) + is not currently reported in the summary There are several reasons resulting in this overlapping assignment of two states, we will show these in different aspects. In section 2, we give the masses and wave functions of 1 − cs states; in section 3, we show the decay modes and relative branching ratios; the production rates of 2S and 1D states in B decays is given in section 4; finally we do some discussions and make a conclusion in the last section.
II. MASSES AND WAVE FUNCTIONS
Theoretically, the cs 2S and 1D states have similar masses, and the same quantum 
where the mixing angle θ < π, and because of S wave dominant, D The general form of a relativistic wave function for a vector meson (2S or 1D, or their mixing states) can be written as 16 terms constructed by P , q, ǫ and the gamma matrices.
Because we make the instantaneous approximation of the BS method, the 8 terms with P · q ⊥ vanished. So the general form for the relativistic Salpeter wave function which has the quantum number of J P = 1 − for a vector state can be written as [20, 21] :
where the P , q and ǫ λ ⊥ are the momentum, relative inner momentum and polarization vector of the vector meson, respectively; f i (q ⊥ ) is a function of −q 2 ⊥ , and we have used the notation q µ ⊥ ≡ q µ − (P · q/M 2 )P µ (which is (0, q) in the center of mass system).
In the method of instantaneous BS equation, the 8 wave functions f i are not independent.
The constrain equations [21] result in the relations
With this form of wave functions, we solved the full Salpeter equation for 1 − states numerically. For strange quark, we choose the constitute quark mass m s = 500 MeV; for the parameter V 0 , we give it by fitting the ground state mass M(D * s (2112)) = 2112 MeV; for other parameters, we choose the same values as given in Ref. ([22] ). The mass spectra of cs and cc systems are shown in Table I , where we also show the experimental data of cc system from Particle Data Group [23] . One can see that our predictions for the mass of cc To see the nature of these states, we draw the wave functions of the first three states in Figure 1 As for the S wave dominant states, 1S and 2S states (see Figures 1-2) , we have the rough relations f 5 = −f 6 and f 3 = −f 4 . If we delete the negligible terms f 3 and f 4 in Eq. (2), then the vector wave function is changed to the non-relativistic case ϕ this non-relativistic case. In this case, the D wave state has to be dealt with another wave function form as input and the mixing should be treated as the method shown in Eq. (1).
Many authors have studied the mass spectra of cs 1 − states using different models. We list some of them which have both the masses of 2S and 1D in Table II . Except our results, all of the predictions are pure 2S and 1D states, and the mass shift ∆M = M(1
between 2S and 1D is also shown in Table II [30] has not been confirmed by BABAR [31] , CLEO and FOCUS [32] , and its mass of 2632 MeV seems a little small as a 2S or 1D state (see Table II ).
III. DECAY MODES AND RELATIVE RATIO
Both 2S and 1D cs 1 − vector states around 2700 MeV (or higher) can decay to
Comparing with other possible decay channels, these six have dominant branching ratios because they are all OZI allowed strong decays.
So one can use them to estimate the full widths of 2S and 1D.
In a previous Letter [ with further non-relativistic approximation. In this paper, we re-calculate the OZI allowed decay modes but with full wave functions as input, and use the new predicted masses of 2S
and 1D in Table I as input, so three more channels are opened, and the results are shown in Table III , where the errors in our results are obtained by varying all the input parameters simultaneously within ±5%. We do not repeat the calculation here, interested reader can find the details in Ref. [33] .
One can see that, both D * + s (2S) and D * + s (1D) have broad full widths, since they have at least 6 OZI allowed strong decay channels. The full width of D * + s (1D) is much broader than that of D * + s (2S), which is caused by two reasons. One is the node structure of 2S wave function (see Figure 2) : the 2S wave function before the node provides positive contribution to the width, while after the node it gives negative contribution. The D * + s (1D) state does not suffer from the node structure since it's wave function has no node structure as a 1D BABAR recently measured the ratios of branching fractions [4] :
We listed theoretical predictions of these two decay widths and their ratios with 2S and 1D assignments of D * s1 (2700) + in Table IV . One can see that in the current existing theoretical predictions, except the Colangelo's result, all the ratios of 2S assignments are larger than 
IV. PRODUCTION IN BELLE
The Belle Collaboration [3] have detected the production of D * s1 (2700) + which is produced in B + exclusive decay, and the branching fraction is:
In Ref. [12] , we calculated the production rate of D * s1 (2700) + in B + strong decay with two assignments, D * s1 (2700) + is a 2S dominant state D * + s (2S) which is mixed with a little bit of D wave component, or it is a 1D dominant state D * + s (1D) with small S wave mixed in it. With these assignments, we obtained
These results are exactly proportional to the square of decay constant of D * + s (2S) or D * + s (1D), so the results are very sensitive to the values of decay constants. We know that usually the decay constant of 2S state is much larger than that of 1D state. With further calculations we gave the product of ratios [12] 
and
The former is consistent with Belle's data, and the later is about one order smaller. These results show that the production of 2S state D Table II , and we did find that most of the predicted mass shifts M(1D)− M(2S) are small. In Table III and Table IV , theoretical models also show that both 2S 
